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2 piant i

Pre-heating system to avoid CO, phase transition

Double stage Vacuum Pressure Swing Adsorption (VPSA) system:

* 15t Stage removes CO,

e 2" Stage removes most of the N,
CO, recovery compressor

Gas Booster to pressurize final storage cylinders

15 cylinders crate with gas panel (fill and ship)

Multi-inlet Mass Spectrometer to measure the composition of the gas
from several important points of the plant:

* Inlet
* After 1% Stage
* After 2" Stage

Fully automated and LabVIEW controlled
- : 3 mB
Leak tightness: 107~ ™ a% -

Video Surveillance System
David Montanari IHEP, Beijing, China - Feb 13-16, 2011




Gas Composition —

Component Feed Outlet
Ar 480 ppm 3-4%
CH, 5,700 ppm ~800 ppm
CO, >06% el
H. ~150 ppm ~100 ppm
880 ppm n.d.
4,300 ppm ~72%
2.4% ~24%
n.d. n.d.

David Montanari IHEP, Beijing, China - Feb 13-16, 2011



Pressure

Temperature
Flow Rate

Duty Cycle
Argon Mass

Ar recovery

Data

Feed After 1% Stage Outlet

780 psig 14.7 pSIg 10 psSig
68F - 60F
100 SCFM ~50 1/m 8 1/m (FM2)

~50% ~67% ~80%

1.5 Kg/d 1.2-1.3 Kg/d ‘ 0.7-0.8 kg/d

: ~80% ~75%

David Montanari
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= Deﬁtion

The depletion factor of 32Ar/4°Ar from
this underground source is greater
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@ Summary * ﬁ

The plant is fully automated and can run 24/7

The Argon collected from this plant is air-free and it shows a
reduction factor greater than 25 in 39Ar content compared to
atmospheric Argon

More accurate measure is in progress in the 1kg detector
The plant has produced ~40 kg of depleted Argon so far
2 crates shipped to Fermilab for further purification

Preliminary storage 25 ft below ground

The plant has been recently upgraded and it is ready to re-start
production with a collection rate of 0.7-0.8 kg/d of depleted
Argon (this week)

The plant supervisor is currently on the field with the new
operator (Start-up & Training)

David Montanari IHEP, Beijing, China - Feb 13-16, 2011



@ What’s next i ﬂ

—

Re-start production (this week)

Training of the new operator on the field

Target: to produce 120 kg of depleted Argon in the forthcoming
months

Expansion of the plant being planned to reach ~10 kg/day of
Depleted Argon, suitable for ton-scale detectors

David Montanari IHEP, Beijing, China - Feb 13-16, 2011
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6"-35 s Fermilab
Variable Value

Throughput 10 kg/d

Ar Purification ‘ 1 ppm N, and He

Ar Recovery 95%
Feed Quality Ar = 5%
Working Pressure 30 psia
Expected HETP 75 mm

Inefficient Packing 8o mm

Inter-bed height 50 mm

David Montanari IHEP, Beijing, China - Feb 13-16, 2011
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ow does it work?"

® Multiple Stages in a tower

* Each stage is in Vapor -

Stripping
Section

Condenser
i Liquid Equilibrium
= Waste

To Upper Stage
Waste rich Vapor

To Lower Stage
Waste less Liquid

Reboiler (:[

David Montanari

~ Purified Ar

IHEP, Beijing, China - Feb 13-16, 2011



Fermilab

David Montanari




= qaxtfe)

: " Multi Inlet Port
PR Mass Spectrometer

Electropolished Condensing Volume
LOINENT BPR 31 PV32 Cidioriat AST 318
15 pSlg

Electropolished Condenser
7.25” OD x 5" high
Material: AISI 316

7 174" x 1/16" /4" x 1/16"
peak copillary ASVERBIEYY Ele”ctropollshed Reboiler

x 15" high
Materlol AISI 31

\_05 Electropolished Distillation Column
A Packing Section: 3.16m
Material: AlSI 316

LW

N Electric resistance heater
" Power: 200 W

174" x 1/16"
|n|et GOS peak capillary

AN Electric resistance heater
PRV

A . P Power: 600 W
PR la PR 1lb i bed B0 NG R\—72

Electric resistance heater
Power: 100 W

pAnnas

Argon
P P P \/ — to Cylinder

e z
PV11
AR L SRt

M A

to VENT

AA

VV3 AL A5 psig 0
&4 RV_1 Y y
to Leak

Rt EAAAA A Princeton University
] 4 Physics Department
< ¢ ) LY, |

by S RXoIeSs DarkSide

RebOilEI‘ — 22 DrawingNo.  CDP-2010-12

Date 10/25/10@ PrawnBy 1y nfontanari

to VENT

David Montanari IHEP, Beijing, China - Feb 13-16, 2011 29




@ Technical Requirements/ ﬁ

Cooling and Heating Power:
®* Runs at ~85K
* Bakes out at ~370K

Thermal stress and deformation
Fine Temperature Control
Good Insulation to reduce heat loss
Air-free system (Depletion)

- . 1n-8 mBar -1
Leak tightness: 107 mbar /S

Maximum Flexibility (inlet concentration may vary)

Easily tunable

Scalability (scale up in few years)

David Montanari IHEP, Beijing, China - Feb 13-16, 2011



¢ plant i

Two 600 W cryocoolers (Condensing Volume and Condenser)
coupled with heaters to finely control the temperature

T and Mass Flow controllers

Distillation column: 1" OD x 129" high

58 stages of Sulzer Laboratory Packing (0.834” OD)
Feed: high pressure inlet cylinders

Condenser-Booster to pressurize the gas into final storage
cylinders

Multi-inlet Mass Spectrometer to measure the composition of
the gas from several important points of the plant:

® Inlet

* Argon product
* Waste

Fully automated and LabVIEW controlled

David Montanari IHEP, Beijing, China - Feb 13-16, 2011
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€
@ First Commissioning e

Feed: pure Ar gas
Temporary rotameters to set/read flow rate
Performed two runs:

12 hours

Turned the cryocoolers OFF overnight (8 hours) to check the
behavior of the system

10 hours

David Montanari IHEP, Beijing, China - Feb 13-16, 2011
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W Commissioning First Data i

Variable Set Point Value

Feed Pressure 10 psig 23-24 psia

Feed Flow Rate ~5 L/m ~5 L/m

Condensing Volume T 89.5K +0.4K

Condenser T 88.25K +0.4K

Reboiler T 01.5-95K +0.7K

Column Bottom T 01.5-95K +0.7K

David Montanari IHEP, Beijing, China - Feb 13-16, 2011



6 Commissioning First Results™ ﬁ

Flown: ~ 5,800 | of Ar gas

Temperature control: tested and functioning
Control system: complete (fine tuning in progress)
When cryocoolers are running:

* Pressure stays constant
* Temperatures reach quickly the set point

When turning cryocoolers off:

* Pressure stays constant

* Temperatures rise in the top part

* Gas boils off and it is vented from the top
* Reboiler stays cold (LAr temperature)

David Montanari IHEP, Beijing, China - Feb 13-16, 2011



Jt
L2

Whatls next e Fermilab

Fine tuning of PID loops

Control system fine tuning
Cold flow control with Mass flow controller
Commissioning with artificial mixture of regular gases

Purification of 120 kg of Depleted Argon from the Argon
Extraction Plant

Cryogenic distillation plant is already sized to
purify Depleted Argon for ton-scale detectors

David Montanari IHEP, Beijing, China - Feb 13-16, 2011
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Design - McCabe-Thielé Method ik
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Design - UNISIM— i

Same Design Parameters
Confirmed Results
Optimal feed: middle height of the packing
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¢ Technical specs = ﬂ

Designed following ASME Sect. VIII Div. 1-2 (Fs = 5)

Seamless 304-316 stainless steel electropolished

Custom made pressure and vacuum vessels

* Condensing Volume and Condenser: 7.25" OD x 5” high
* Reboiler: 10" OD x 15" high

Custom made flanges (copper and stainless steel)

Tube size:

* 1/4” OD process

* 1/16” OD peak capillary

VCR Fittings

ASME stamped Safety Pressure Relieving Devices
Helium leak check

Double wall vacuum jacket with MLI
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